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1 R15 Further enhancement of NB-IoT 

1.1 Measurement accuracy improvement
Proposals from companies:

	Companies
	Contributions

	Huawei 

R4-1711344
	Observation 1: NSSS can achieve better accuracy performance than NRS.

Observation 2: combination of NSSS and NRS can achieve better accuracy performance than NSSS only if NRS has higher Tx power.

Proposal 1: it is not encouraged to use combination of NSSS and NRS for RRM measurement.

Proposal 2: confirm the feasibility of NSSS for RRM measurement for UE in idle mode and in connected mode on anchor carrier.

Proposal 3: Tx power offset between NSSS and NRS should be provided if NSSS is to be used to estimate downlink path loss for uplink power control.

	Qualcomm
R4-1710306
	Observation 1. At each subframe level, NSSS-based measurement provides additional 11.6 dB (=116REs in NSSS / 8REs in NRS) processing gain over NRS-based measurement.

Observation 2. In the current definition of NSSS transmission, the antenna port/beamforming for NSSS transmission may arbitrarily change from one subframe to the other, and/or from one cell to another, resulting in the corresponding measured NRSRP from different cells to be artificially biased by the cell-specific time-varying behaviour of the NSSS transmission in a way unknown to UE.

Observation 3. Coherent combining across NRS/NSSS subframes are not feasible since NRS and NSSS is not transmitted in the same subframe, and there is no gurantee that NRS and NSSS is transmitted on the same antenna port or with the same power.

Observation 4. Even when NRS and NSSS are transmitted on the same antenna port and with the same power, coherent combining across adjacent NRS and NSSS subframes may provide at most the additional processing gain of 0.3dB compared to the NSSS-only measurement.

Observation 5. The NRSRP measurement from NSSS subframes would be desensed if non-coherently combined with the NRSRP measurement from NRS subframes.

Observation 6. Existing NRSRP definition in [3] can be extended to NSSS-based measurement by clarifying NSSS as an additional reference signal source. 

Observation 7. Measured NRSRP from NSSS may have unknown offset from the one measured from NRS.

Observation 8. NRSSI measured for NRS-based measurement includes NPBCH power in every subframe #0, while it is not for NSSS-based measurement. Given the difference in NRSSI measurement together with the unknown NRS to NSSS power offset, overall NRSRQ measurement from NSSS may be offset from the NRSRQ measurement from NRS.

Proposal 1. For NSSS to be used for the RRM measurement, the antenna port for NSSS transmission across subframes or across different NB-IoT cells should be further standardized, e.g., always using the same antenna port across subframes and across cells.

Proposal 2.  It is not feasible to combine NRS and NSSS-based measurement, both coherently or non-coherently. UE should select only one of the two reference signals for its RRM measurement.

Proposal 3. Qrxlevmin should be provided separately for NSSS-based measurement.

Proposal 4. Qqualmin should be provided separately for NSSS-based measurement.

Proposal 5. For the coverage decision based on the NSSS-based measurement, a separate set of the RSRP threshold values should be provided by upper layer.

	R4-1710711
Nokia, Nokia Shanghai Bell
	In this paper, we provide our simulation results evaluating NRSRP measurement performance with NRSRP based on NB-SSS alone. Based on these initial simulation results it seems clear that the measurement accuracy using the NB-SSS can be significantly improved compared to legacy when using only the NRS. We accuracy improvement potential in the order of 2-5dB depending on the coverage use case.

	R4-1711453
Ericsson
	In this contribution we have provided simulation results for received power measurement accuracy for various propagation conditions and L1 measurement periods. It shall be noted that although a short L1 measurement period might be desirable, the fading channels (ETU 1Hz and EPA 1Hz) are slowly fading and hence from that point of view a longer L1 measurement period (but potentially sparser sampling) is desirable in order to capture the average conditions.

	R4-1711345

Huawei
	Reply LS on measurement accuracy improvement


Open issues:

Measurement based on:
1) NSSS only

a. Tx diversity scheme is not specified: RAN4 identified that the antenna port(s) used for the measurement may vary arbitrarily across subframes and across cells in NSSS, and is still studying the potential impact of such variation.
b. Mobility related parameters potentially need to be indicated to UE. E.g. Tx power offset, Qrxlevmin and Qqualmin and etc
2) Combination of NRS and NSSS:

a. Limited gain
Discussion:

Agreements:
· RAN4 is to send an LS to RAN1 to confirm the feasibility of NSSS based RRM measurement. The wording in the LS is provided as:

RAN4 thanks RAN1 for the LS [1] on measurement accuracy improvement for NB-IoT. RAN4 evaluated the feasibility of NSSS and combination of NSSS and NRS for RRM measurement in RAN4 #84bis and reached following agreements:

-
RAN4 confirms that it is feasible to use NSSS on an anchor carrier for RRM measurement, under the working assumption that the ratio of NSSS EPRE to NRS EPRE is configured from {-3, 0, 3, spare} dB. 

-
RAN4 observes that the combination of NRS and NSSS can only provide limited gain compared to NSSS and will not consider this for RRM measurement.
RAN4 identified that the antenna port(s) used for the measurement may vary arbitrarily across subframes and across cells in NSSS, and is still studying the potential impact of such variation.
· RAN4 is to further study the mobility related parameters potentially need to be indicated to UE. E.g. Tx power offset, Qrxlevmin and Qqualmin and etc.

1.2 Others
Proposals from companies:

	Companies
	Proposals

	R4-1711347
Huawei
	Proposal 1: RAN4 should study whether existing RRM requirements are also suitable/applicable for TDD operation.

Proposal 2: requirements for cell selection and paging interruption do not need to be updated to support TDD operation.

Proposal 3: requirements for cell reselection do not need to be updated, unless relaxation in latency is identified.

Proposal 4: requirements of UE measurement capability in RRC_IDLE mode need to be updated.

Proposal 5: RRC re-establishment delay does not need to be updated for TDD operation, unless relaxation in latency is identified.

Proposal 6: no new RRM requirements are needed to support random access in TDD system.

Proposal 7: it is FFS whether Tconnection_redirect_non-anchor delay is different in TDD system.

Proposal 8: requirements of UE transmit timing, timer accuracy, timing advance and RLM do not need to be updated to support TDD operation.

Proposal 9: measurement period and accuracy may need to be revisited for TDD if MCL for TDD turns out to be relaxed.

Proposal 10: new requirements on test configuration, test cases and requirements side conditions shall be defined specifically for TDD.


Open issues:

The following RRM requirements should be defined 
	Categories
	Requirements
	 TDD specific requirements

	Section 4
E-UTRAN RRC_IDLE state mobility
	Cell selection and reselection
	not needed

	
	Paging interruption
	 not needed

	
	UE measurement capability
	 needed

	
	OTDOA
	needed

	Section 6
RRC Connection Mobility Control
	RRC re-establishment
	 not needed

	
	Random access
	 not needed

	
	RRC Connection Redirection to Non-anchor Carrier in NB-IoT
	 FFS

	Section 7
Timing and signalling characteristics
	UE transmit timing
	 not needed

	
	UE timer accuracy
	 not needed

	
	Timing advance
	 not needed

	
	Radio link monitoring
	 not needed

	Section 8
UE Measurements Procedures in RRC_CONNECTED State
	Intra-frequency measurement
	FFS

	Section 9
Measurements performance requirements for UE
	Measurement accuracy
	 FFS

	
	PHR
	 not needed

	Section A.3
RRM test configurations
	NPDCCH RMC pattern
	 needed

	
	NPDSCH RMC pattern
	 needed

	
	NOCNG pattern
	 needed

	Section A.4, A.6 and A.7
	RRM test cases
	 needed

	Section B.1
Conditions for E-UTRAN RRC_IDLE state mobility
	Requirements side condition in RRC IDLE mode
	 needed

	Section B.2
Conditions for UE Measurements Procedures in RRC_CONNECTED State
	Requirements side condition in RRC CONNECTED mode
	 needed

	Section B.3
Conditions for measurements performance requirements for UE
	Side conditions for measurement performance
	 needed


Discussion:

Agreements:

RAN4 is to further study the scope of TDD requirements.
2 R14 Enhancement of NB-IoT
2.1 Positioning
Proposals from companies:

	Companies
	Proposals

	R4-1711305
Ericsson 
	•
Proposal 1: +/-32 Ts accuracy can be achieved for NB-IoT RSTD in normal coverage with 120 NPRS subframes.

•
Proposal 2: +/-32 Ts accuracy can be achieved for NB-IoT RSTD in enhanced coverage with 240 NPRS subframes.

	R4-1710305
Qualcomm Incorporated
	Proposal 1. 
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 is determined independent of the coverage, and only the RSTD accuracy requirement is determined based on the respective coverage level.

Proposal 2. 
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 and the corresponding RSTD measurement accuracy requirement should be determined based on the baseline receiver that performs only non-coherent combining of the RSTD measurement across NPRS subframes.

Proposal 3. RAN4 decides between the below two options for the RSTD measurmeent requirement for eNB-IoT positioning:

· Option 1) Fix 
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= 320, and vary the accuracy requirement according to the coverage/operation mode

· Option 2) Fix 
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= 160 for the standalone modes with nprsBitmap configured, and 
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= 320 otheriwse. Accuracy requirement accoridng to the coverage for a given operation mode and 
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Proposal 4. Upperbound the RSTD measurement delay in NB-IoT idle mode positioning based on the agreed value of 
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. The RSTD measurement accuracy requirement is applicable only when the configured (
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, n) combination does not require the RSTD measurement delay longer than the upperbound.


	R4-1710342
Huawei, HiSilicon
	Proposal1: minimum number of NPRS subframes per cell for normal coverage is 60.

Proposal2: minimum number of NPRS subframes per cell for enhanced coverage is 120.

Proposal3: Accuracy requirement for NB-IOT is defined as 12Ts for normal coverage for intra frequency RSTD measurement for AWGN channel.

Proposal4: Accuracy requirement for NB-IOT is defined as 16Ts for enhanced coverage for intra frequency RSTD measurement for AWGN channel.

Proposal 5: [8] Ts RF margin is added for inter frequency RSTD measurement.

	R4-1710339
Huawei, HiSilicon
	Test case list


Open issues:
RSTD measurement:
Normal coverage:

1. Minimum number of NPRS subframes per cell: 
2. Accuracy Requirement for intra frequency:
a) 20Ts for intra-frequency

3. Accuracy Requirement for inter frequency:
Enhanced coverage:

1. Minimum number of NPRS subframes per cell: 
2. Accuracy Requirement for intra frequency:
3. Accuracy Requirement for inter frequency:
Discussion:
QC, HW: we prefer 320 for both SA and inband. Also for both NC and EC.
E: we prefer 120 for SA and inband for NC. 240 for EC.

HW, QC: we are fine to use same number for NC and EC.

E: we think the number should be different between NC and EC.
Agreement:
Same minimum number of NPRS subframes for RSTD measurement period apply for all the operation modes for both normal coverage and enhanced coverage.

Accuracy requirement is defined based on simulation in inband operation, and the requirements will be defined differently for normal coverage and enhanced coverage.
For measurement period:
Minimum number of NPRS subframes per cell: [320]
Accuracy Requirement for normal coverage:


For intra-frequency: [20Ts]


For inter-frequency: [28Ts]
Accuracy Requirement for enhanced coverage:


For intra-frequency: [32Ts]


For inter-frequency: [40Ts]
Qualcomm will further check the accuracy requirement.
Measurement period:
Proposal . 
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 is determined independent of the coverage, and only the RSTD accuracy requirement is determined based on the respective coverage level.(proposed by Qualcomm)

Proposal . Upperbound the RSTD measurement delay in NB-IoT idle mode positioning based on the agreed value of 
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. The RSTD measurement accuracy requirement is applicable only when the configured (
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Test setup:

Test operation mode:

a) Standalone mode only (HW)
b) Inband mode only

c) Both inband and Standalone

Test coverage level:

a) Normal coverage and enhanced coverage

b) Only enhanced coverage

Test procedure:

1. UE received assistance data and OTDOA-RequestLocationInformation  in T1.

2. After the receipt of the OTDOA assistance data and OTDOA-RequestLocationInformation has been successfully acknowledged, the UE is provided with a RRC connection release command during the time duration T1. The UE is expected to enter ilde state before T2. 
i. The last TTI containing the RRC connection release command shall be provided to the UE (T second before the start of T2, where (T = 10s is the maximum delay for NB-IOT UE to perform RRC connection release as define in TS36.331 
3. NPRS is only transmitted in T2 and T3. T2+T3 = RSTD measurement period

4. The UE shall perform and report the RSTD measurements within TRSTD _NB-IoT +TRandomAccess_NB-IoT-NC starting from the point when UE send out acknowledge of RRC connection realease , to the moment when the UE starts to send preambles on the PRACH for sending the positioning measurement report message.
TRSTD _NB-IoT:  Measurement period requirement for RSTD
TRandomAccess_NB-IoT-NC:: The random access delay to an already detected cell
Discussion:

HW: prefer to have test only in SA.

E: Test accuracy requirements in inband and measurement period in SA.
Agreements:

Test case list:

1. RSTD accuracy test case in inband operation in NC.

2. RSTD accuracy test case in inband operation in EC.
3. RSTD measurement period test case in SA in EC.

Test parameters:

1. For inband test case: 4 cells are to be configured. nCell1 is serving cell. nCell2 and nCell3 are neighbour cells. eCell1 is a neighbour cell. 
2. Channel model: AWGN for accuracy test, ETU1 for measurement period test.
E-CID NRSRP and NRSRQ Measurements:
Reporting delay:

The measurement reporting delay is defined as the time between the point when UE enters idle mode after receiving RRC command indicating release and the point when the UE starts to transmit the measurement report over the air interface.
Requirement:

Simply refer to the Cell Re-selection Requirements for UE category NB1
“The UE shall be able to identify new intra/inter-frequency cells and perform NRSRP/NRSRQ measurements of identified intra/inter-frequency cells as defined in existing sections of Cell Re-selection Requirements for UE category NB1”
Discussion:

E: we should also define the number of cells to report to.
Agreements:

RAN4 will further study the minimum number of cells in E-CID reporting.
2.2 Mobility enhancement

Proposals from companies:

	Companies
	Proposals

	R4-1711342
Huawei
	Test case for random access on non-anchor carrier R14


Open issues:

Discussion:

Agreements:
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